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Sustainable production of banana, plantain and enset in
Africa is crucial to secure food and provide income to
millions of people. These crops, however, are severely
threatened by diseases, pests and environmental con-
straints. Most bananas in Africa are produced by small-
scale farmers who often do not have the financial
resources for sustained production by means of the
application of chemical fertilisers, fungicides and pesti-
cides. Biotechnology can provide a means whereby
plants can be improved for sustainable cultivation.
Applications of biotechnology include tissue culture
technology, development of molecular markers, and
genetic transformation. Biotechnology, however, should
not be used in isolation to solve the problems in banana
and plantain production in Africa, but should be incor-
porated into integrated disease and pest management
programmes. South Africa has the infrastructure and
capacity to play an important role in the training of
scientists, research on production constraints, and
implementation of biotechnological advances for the
rest of Africa.
Bananas and plantains are the fourth most important food
crop in the world after rice, maize and wheat (Picq 2000).
Approximately 85 million tonnes of bananas are produced
annually. Of these, 55% are the sweet, dessert bananas,
while 45% are the starchy, cooking types. Varieties of the
Cavendish subgroup of bananas constitute the bulk (41%) of
the sweet bananas produced. Of these, 13% is produced for
the export market. The rest is consumed in the country of
production. Almost all cooking bananas are produced local-
ly and form the staple diet of many communities in Africa,
Central and South America, and Asia (Stover and Simmonds
1987). Bananas are considered the most nutritional food
source in the world (Picq 2000). Apart from its food value,
the fruit can also be used to produce alcohol, whereas the
leaves are used for roofing, cooking and transport of food,
and for making baskets and other handcrafts. The related
crops of enset and abaca are used for food and fibre,
respectively (Jones 2000).
Bananas originate from south east Asia (Stover and
Simmonds 1987, Jones 2000). Most genotypes developed
as diploid, triploid or tetraploid varieties following inter- and
intraspecific hybridisation of two species, Musa acuminata
and M. balbisiana. Some varieties are seedless, and can
only be vegetatively propagated for agricultural cultivation.
Since the 1400s, bananas were imported to all the conti-
nents of the world, and today are grown in more than 100
countries (Jones 2000). Because of the parthenocarpic
nature of the cultivated banana, its genetic diversity is very
limited. Pests and diseases, many of which are difficult to
control can, therefore, very rapidly build up in plantations
and cause severe damage (Jones 2000). Since the banana
is a tropical plant, it requires warm temperatures and an
adequate supply of water (Robinson 1996). Plantings in sub-
tropical conditions can further become very susceptible to
environmental influences.
Breeding for disease and pest resistance, and for environ-
mental extremes, is not easy (Rowe and Rosales 2000). The
amount of seed found in polyploid breeding lines is very
small, making breeding a slow and difficult process, and fruit
characteristics of new hybrids are often not acceptable to the
consumer. In addition, many diseases and pests are difficult
to control chemically and, because of the costs involved, not
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an option to the small-scale farmer. Improvement of
bananas to overcome these problems, therefore, relies
heavily on biotechnology to find cost-effective strategies
from which African farmers can benefit in the future (Jones
2000).
Banana and Plantain Production in Africa
Bananas and plantains constitute an important food crop
and a major source of daily carbohydrate for at least 100 mil-
lion people on the African continent (Sharock and Frison
1998). The greatest importance of banana as a staple food
source is exemplified by Uganda where the per capita con-
sumption reaches about 223kg per person per year. Uganda
is also the leading producer of banana in Africa and only
second to India in the world.
Of the 20 million tonnes of bananas produced in the east
and southern African region, only 1% is exported, mainly by
Zimbabwe, Uganda and South Africa. About 4% of the 11
million tonnes produced in the west and central African
region is exported, mainly by Ivory Coast and Cameroon.
Most bananas and plantains produced by smallholder sub-
sistence farmers are used for home consumption. However,
due to increasing urban demand, many farmers derive
income from selling bananas to middle-men traders who
transport the bananas on trucks to commercial centres.
Despite an increase in acreage under bananas, yield per
hectare has remained relatively constant or increased only
slightly over the last 10 years. This slight increase, unfortu-
nately, is not in pace with population growth, with certain
implications for food security. Much work has been done to
study the decline in Uganda, from which a more clear indi-
cation on constraints to banana production can be obtained
(Karamura et al. 1999). There are a series of constraints on
banana production that can be addressed using biotechnol-
ogy as a tool, including pests such as banana weevils and
root nematodes, diseases including black Sigatoka,
Fusarium wilt and of late the Banana Streak Virus (BSV).
Limitations to banana production in Africa
The production of bananas and plantains in Africa is often
severely hampered by biological and environmental con-
straints. Many pests and diseases have been introduced to
the continent in and on infected planting material. With the
extension of the banana industry into African countries,
these diseases and pests have spread to several new areas.
In many areas, disease-causing organisms have now built
up to epidemic proportions. The huge costs involved in con-
trolling some of these diseases and pests make it almost
impossible to continue banana production in severely affect-
ed areas. 
Diseases
The most important disease of bananas and plantains in
Africa is black Sigatoka, caused by the leaf fungus
Mycosphaerella fijiensis Morelet. Within 13 years, black
Sigatoka has replaced the less damaging leaf disease yel-
low Sigatoka (caused by Mycosphaerella musicola Leach) in
most of the tropical banana growing countries in Africa
(Carlier et al. 2000). Yellow Sigatoka still dominates in the
subtropical countries, such as South Africa (Surridge et al.
2003), where it can become damaging in some seasons
(Viljoen 2002). A third Sigatoka disease, eumusae leaf spot
(caused by Mycosphaerella eumusae Crous and Mourichon)
has been introduced and has been identified in Nigeria and
Mauritius (Carlier et al. 2000). All three diseases result in
premature leaf death, reduced yields and early ripening of
bananas and plantains, with black Sigatoka resulting in crop
losses of up to 75%, with serious implications for the food
security of resource-poor people.
Fusarium wilt, caused by Fusarium oxysporum Schlecht.
f.sp. cubense (E.F. Smith) Snyder and Hansen (Foc), is
another important fungal disease of bananas and plantains
in Africa. Three races of the fungus occur on the continent
(Stover 1990). Race 1 affects cultivars such as Gros Michel,
Silk, Pome subgroup and Pisang Awak, whereas Race 2
affects bananas in the Bluggoe subgroup. Race 4 attacks
bananas of the Cavendish subgroup, and the ‘subtropical’
variant of this race is considered the most important disease
of bananas in South Africa (Viljoen 2002). Fusarium wilt is a
devastating disease that can only be controlled by the use of
disease resistant banana varieties (Stover 1962, Ploetz and
Pegg 2000).
The two most important virus diseases of banana and
plantain in Africa are caused by the Banana Bunchy Top
Virus (BBTV) and Banana Streak Virus (BSV). Bunchy top
disease is by far the most serious and can have a devastat-
ing effect on crops (Thomas and Iskra-Caruana 2000).
Streak disease was first reported in Ivory Coast in 1974 and
now occurs in at least 16 countries in Africa (Dahal et al.
1998). The BSV can be integrated into the genome of the
banana plant, making it possible for the disease to be
spread with vegetative planting material to new areas with-
out detection. Once introduced into new fields, BBTV and
BSV can be transmitted to unaffected plants by aphids and
mealybugs, respectively (Thomas and Iskra-Caruana 2000).
Both diseases have so far been found in several African
countries.
Pests
Nematodes and insects are often considered the most
important constraints of banana production in many African
countries. In Uganda, for example, nematodes and the
banana weevil borer (Cosmopolitus sordidus Germar) are
considered the two most important threats to continued
banana production. Several different nematode species
attack bananas, of which the burrowing nematode
(Radopholus similis Cobb), the root-knot nematode
(Meloidogyne spp.) and the root-lesion nematode
(Pratylenchus spp.) are considered the most important in
Africa. Nematodes destroy root and corm tissue, which
results in reduced bunch weight and causes toppling of
plants. Some cultural control measures, such as planting
nematode free material, can contribute to their control.
Unfortunately, chemical control is not possible in many
African countries because of the high cost and toxicity of
nematicides.
The banana weevil is the most important insect pest of
banana and plantain and causes considerable crop and
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yield loss in Africa (Karamura and Gold 2000). The weevil
lays its eggs in the pseudostem, and the young larvae feed
on the inner and outer layers of the pseudostem before they
reach maturity (Cuille 1950). Several strategies are current-
ly investigating the control of the banana weevil, such as the
use of plant resistance, cultural control (sanitation and
mass-trapping), and biological control as part of an integrat-
ed pest management (IPM) strategy (Kiggundu et al. 1999,
Gold et al. 1999, 2001).
To date, banana weevil resistance has not featured in any
Musa conventional breeding programme worldwide. A few
studies have so far attempted to select cultivars resistant to
the banana weevil and identify their underlying resistance
mechanisms through germplasm screening (Kiggundu et al.
1999). Due to the limited research on the banana weevil,
INIBAP has recently included banana weevil research into
its genetic improvement initiatives as a new priority con-
straint, and a weevil-working group within Global
Programme for Musa improvement (PROMUSA) has been
formed.
Abiotic stress
Apart from biological constraints, environmental constraints
such as drought, wind, chilling and nutritional deficiencies
can cause damage to banana plantings in Africa (Israeli and
Lahav 2000, Lahav et al. 2000). Environmental constraints
can cause damage in localised areas, usually for short peri-
ods, and might enhance outbreaks of diseases and pest
infestation. Since the banana is a tropical crop, it grows best
where temperature, humidity and rainfall are high, and envi-
ronmental damage most often occurs in marginal areas
where bananas are grown in more subtropical conditions or
under poor soil conditions due to erosion.
Strategies for overcoming constraints to banana pro-
duction in Africa
Strategies available to improve bananas and plantains for
biotic and abiotic resistance include traditional breeding
approaches, and first and second generation biotechnologi-
cal tools. Such biotechnological tools include plant tissue
culture, engineering of plants and the development of molec-
ular DNA or protein markers for pathogen detection and the
selection of superior banana breeding lines.
Breeding for disease and pest resistance
Progress in the traditional breeding of banana and plantain
has been restricted by the complex genetic structure and
behavior of the cultivated polyploid Musa (Rowe and
Rosales 2000). Since reproduction of plants is limited to
vegetative (clonal) regeneration, because of the absence of
seed in many cultivated varieties, the genetic diversity in
banana and plantain is extremely limited. Even the amount
of seed found in breeding lines is very small, making breed-
ing approaches time-consuming and extremely difficult. The
large amount of space required for growth and maintenance
of plant populations has further prevented considerable
progress in genetic improvement (Crouch et al. 1999).
There are currently five major banana-breeding pro-
grammes in the world. Two of these are in Africa, namely the
International Institute of Tropical Agriculture (IITA) in Nigeria
and Uganda, and the Centre Africain de Recherches sur
Bananier et Plantain (CARBAP) in Cameroon. In these
breeding programmes, improved diploid males are devel-
oped that can be crossed with the desired triploid as the
female parent. Another breeding strategy used at CARBAP
is where the chromosome number of desired diploids is dou-
bled through the use of colchicine. The resulting tetraploids
are then used in tetraploid x diploid crosses to obtain
triploids. A number of new plantain-type hybrids have been
registered from the IITA breeding programme, while several
new highland banana selections are currently in preliminary
evaluation trials in Uganda. Apart from constraints, such as
low fertility and the possibility of residual fertility in the
tetraploid progeny, a major problem is the occurrence of
BSV in a wide range of Musa hybrids containing the B
genome. Hybrids developed at the Fundacion Hondurena
de Investigacion Agricola (FHIA) in Honduras showed good
resistance to Fusarium wilt and black Sigatoka, but their
taste is not always acceptable to the consumer.
Molecular techniques are now being applied to improve
the efficiency of Musa breeding. Whereas restriction frag-
ment length polymorphisms (RFLPs) appear to have limited
application due to the low frequency of detectable polymor-
phisms, some level of success has been achieved with the
use of random amplified polymorphic DNAs (RAPDs) and
the short sequence repeats (SSR) technique (microsatel-
lites). Both techniques are applied for studying the genetic
fingerprints of Musa varieties and in marker-assisted breed-
ing systems (Vuylsteke et al. 1998).
Molecular biology-based breeding tools, such as molecu-
lar marker-assisted (MAS) breeding in banana, are still not
highly developed when compared to other major food crops
in the world. This is true despite the potential that MAS
breeding has to markedly enhance the pace and efficiency
of genetic improvement in Musa. Research focused on MAS
breeding includes, (1) development of species-specific DNA
elements derived from short interspersed elements (SINEs)
or copia-like interspersed sequences (Baurens et al. 2000),
(2) application of RAPD markers for single banana cultivar
identification (Visser 2000), (3) detection of polymorphism
between parental genotypes and within progeny populations
with variable number of tandem repeats (VNTR) and AFLPs
(Crouch et al. 1999), (4) application of SSRs to distinguish
diverse germplasm and full-sib hybrids in both tetraploid and
triploid plantain hybrid families, and (5) identification of can-
didate RAPD and SSR markers for a number of important
agronomic characters (Crouch et al. 2000).
Tissue culture
One of the major reasons for spread of pests and diseases
of banana is the planting of infected vegetative material in
new fields (Jones and Diekmann 2000). Fungal and bacter-
ial wilt pathogens can occur symptom-less in the roots and
rhizomes of suckers taken from infected fields, while nema-
todes, the banana weevil and Sigatoka diseases can also be
transmitted in infected material.
The introduction of tissue culture 20 years ago as a first
generation biotechnology tool contributed substantially to
the production of genetically uniform and disease-free
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banana planting material. Although tissue culture plants are
generally free of fungi, bacteria, insects and nematodes,
they are not necessarily free of viruses. Therefore, commer-
cial laboratories involved in in vitro propagation of banana
should ensure the use of disease-free mother plant material
by indexing for the absence of viruses before multiplication.
Although this has been achieved for many viral diseases,
research is still required in the context of the widespread
occurrence of BSV in most banana and plantain
germplasms, and the difficulties in obtaining BSV-free
plantlets through tissue culture (Dahal et al. 1998).
Simple tissue culture techniques such as shoot-tip and
embryo culture are well developed, and have greatly
improved Musa germplasm handling and breeding. Several
commercial tissue culture facilities exist or have recently
been established in Africa. In general, tissue culture plants
are still costly and are not always affordable and available,
especially to the small-scale farmers in rural areas in Africa.
Somaclonal variants
Closely associated to banana tissue culture is the selection
of disease-resistant somaclonal variants derived from the
tissue culture process (Jain 2001). Variants can be induced
during the in vitro propagation of bananas by means of pro-
longed sub-culturing in the presence of growth regulators,
by mutagenesis through chemical-treatment, or by irradia-
tion (Bhagwat and Duncan 1998a, 1998b). Using somaclon-
al variation to obtain plants with disease resistance is a
tedious process with a low success rate. Field selections
made in Taiwan and South Africa in ‘hot spot’ areas for
Fusarium wilt proved to be a more efficient way of selecting
plants with good disease tolerance and agronomic charac-
teristics. No somaclonal variants have been found so far
with good tolerance to Sigatoka leaf diseases, the banana
weevil, nematodes or virus diseases.
Detection techniques
A recent development in banana biotechnology is the appli-
cation of DNA/protein based markers for pathogen/pest
detection and identification. Reliable diagnostic protocols
are increasingly needed for safe international movement of
germplasm. PCR primers have been developed for virus
diagnostics, already providing a specific and sensitive
method to detect banana streak virus in in vitro plants. Also,
polymorphic SSR markers for the banana pathogen M. fijien-
sis (Carlier et al. 1996, Neu et al. 1999, Molina et al. 2001)
and a PCR-based detection of banana bunchy top
(Shamloul et al. 1999) have been developed. One of the
future challenges will be to develop genetic markers that can
be used for the rapid detection of pathogens and pests in
asymptomatic plant material, irrigation water and the soil.
Understanding the population structure of pathogen and
pest populations using molecular or genetic markers is cru-
cial in developing any pathogen/pest management pro-
gramme. In this respect, much work has been carried out to
study the population genetics of Foc, Mycosphaerella
pathogens, banana viruses and nematodes.
Genetic transformation
Due to recent advances in plant transformation and expres-
sion of useful genes for disease/pest resistance, banana has
been the target for genetic modification (GM) using modern
biotechnological tools (Sagi 2000). These technologies
might ultimately help breeders in the development of new
and improved banana varieties. A challenge in banana
transformation is to find suitable resistance genes to trans-
form into susceptible banana plants. Several genes current-
ly being investigated in commercial and academic laborato-
ries include antifungal peptides (Remy et al. 1998) and pro-
teinase inhibitors. These improvements of banana through
modern biotechnology should ultimately help ensure food
security in many parts of Africa by stabilising banana pro-
duction levels in sustainable cropping systems geared
towards meeting domestic and export market demands
(Rout et al. 2000). In addition, the sterility of edible cultivars
might further favour production of GM banana plants
because their sterility will prevent the chance that any for-
eign genes transferred might escape from GM banana
plants. 
Research on biotechnology of bananas in South Africa
South African research on banana biotechnology has been
driven by local demand, focusing on banana improvement
against biotic and abiotic constraints of the country.
Biotechnology applied in banana improvement includes tis-
sue culture technologies, development of molecular mark-
ers, and the isolation and identification of resistance genes
(Figure 1). In addition, commercial enterprises are involved
in the production of in vitro propagated banana plants.
Integrated disease and pest management
The Forestry and Agricultural Biotechnology Institute (FABI)
at the University of Pretoria employs a multi-disciplinary
approach for research on banana diseases and pests
(Figure 2), and also plays an important role in the training of
post-graduate students for Africa in banana biotechnology.
At FABI, scientists concentrate primarily on the integrated
management of Foc, causal agent of Fusarium wilt of
banana, and the banana weevil borer, C. sordidus.
Research on both the pathogen and pest include aspects of
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their epidemiology, life cycle, and control strategies such as
biological, chemical and cultural control. Banana varieties
are evaluated for Fusarium wilt tolerance, and resistance
induced by means of systemically acquired resistance
(SAR) compounds.
Recently, research efforts at FABI have also included
studies on banana leaf diseases and nematodes. These
aspects have, in the past, been investigated primarily by the
Agricultural Research Council’s Institute for Tropical and
Subtropical Centre (ARC–ITSC) in Nelspruit. Research on
virus diseases and identification is conducted at the
ARC–Plant Protection Research Institute (ARC–PPRI) at
Roodeplaat, Pretoria.
Tissue culture technology
In vitro propagated banana plants are produced by two com-
mercial tissue culture companies in South Africa (Viljoen
2002). Banana and enset plants are also micropropagated
for research purposes at FABI and the ARC–ITSC, and the
University of KwaZulu-Natal, respectively.
Researchers at FABI are developing methods, such as
RAPDs and AFLPs, to detect somaclonal variation in in vitro
propagated banana plants. These methods have, however,
not proved useful as predictors of the level of genomic vari-
ation that has taken place. Representational difference
analysis (RDA) is currently being developed as a further
method to detect variation in banana. It will be used to iso-
late genomic differences between two sets of normal and
possible variant banana plants originating from a plant tissue
culture/transformation process (Cullis and Kunert 1999,
2000, Cullis et al. 2002, Kunert et al. 2002). Differences
between the two types of plants will be characterised to
develop a series of markers that can be used to identify early
genomic changes.
Mutation breeding at the ARC–ITSC has lead to somaclonal
variants with tolerance to Fusarium wilt in Cavendish
bananas (Viljoen 2002). Unfortunately the fruit quality and
agronomic characteristics of these selections were unac-
ceptable, preventing further major financial investment into
this development.
Molecular fingerprinting
Fingerprinting and phylogenic comparisons of pathogens
and pests of banana are done at FABI using PCR–RFLPs
(Nel et al. 2003), AFLPs (Groenewald et al. 2003), SSR
analysis (Visser unpublished data), and sequencing of vari-
ous regions in the mitochondrial and ribosomal DNA (Visser
and Viljoen 2002). DNA analyses have been performed on
pathogenic and non-pathogenic populations of F. oxyspo-
rum, several species of Mycosphaerella, including M. musi-
cola and M. musae, and other leaf pathogens such as
Cladosporium musae Mason (Surridge 2003).
Molecular markers
Molecular markers for pathogens are needed for the identi-
fication of closely related species and races, and for detec-
tion from soil, water and infested but non-symptomatic plant
material. Polymorphic markers have been developed using
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SSRs or microsatellites, and AFLPs. So far, eight polymor-
phic microsattellite markers for Foc have been developed.
Species-specific primers are used to differentiate between
M. fijiensis and M. musicola, the causal agents of black and
yellow Sigatoka of banana, respectively. These primers are
sensitive enough to detect the fungus in infected banana
leaves and have been used to characterise the fungus
responsible for Sigatoka disease in both South Africa
(Surridge et al. 2003) and Mozambique (Viljoen and Fourie
2003).
Isolation and identification of resistance genes
At FABI genes responsible for resistance to Foc and the
banana weevil are being investigated using DNA subtraction
techniques, such as Suppression subtractive hybridisation
(SSH) and RDA to identify differentially expressed genes fol-
lowing pathogen or pest infestation. Genes that are differen-
tially expressed in tolerant or resistant plants and suscepti-
ble plants in response to Foc infestation in Cavendish
bananas were isolated using SSH and are now being char-
acterised (Van den Berg et al. 2002) and studied using a
microarray facility. Information about gene expression for
resistance might ultimately provide a powerful tool for a
rapid screening of germplasm against Fusarium wilt.
One of the most effective long-term strategies for weevil
control would be by developing resistant cultivars. At FABI,
the response due to weevil infection at the gene and protein
level is being investigated by cDNA–AFLP and subtractive
DNA technologies to create DNA and protein markers. The
potential of native and modified plant cysteine proteinase
inhibitors (phytocystatins) is being evaluated to improve
weevil resistance by blocking the digestive enzymes of the
weevil. The expression of cysteine proteinase inhibitors in
weevil resistant and susceptible banana cultivars and any
metabolic changes in transformed plants due to expression
of an exogenous inhibitor gene (Van der Vyver et al. 2003)
are also investigated.
Genetic transformation
The green fluorescent protein (GFP) has been used for the
transformation of isolates representing ‘subtropical’ race 4 of
Foc (Visser et al. 2004) to study the interactions between
fungal pathotypes and host genotypes, as well as the
process of fungal infection and host defence responses. A
facility is further being set up at FABI for the transformation
of Cavendish bananas for disease and pest resistance.
Immature male flowers have been isolated and the forma-
tion of embriogenic callus induced. This callus is currently
being used for the production of cell suspensions that will
ultimately be used for genetic transformation. In future, FABI
will play an important role in the training of students in genet-
ic transformation of banana, and for greenhouse and field
evaluation of genetically transformed banana plants for pest
and disease resistance.
The future role of biotechnology in banana improve-
ment in Africa
Agriculture, worldwide, has become a high-input, low profit
business. Breeding of new improved crops, proper disease
and pest control measures, and well-executed field man-
agement will be vital requirements to obtain good quality and
high yielding crops in future. Unfortunately, small-scale
African farmers do not always have the support structures to
understand and manage the diseases and pests that threat-
en their source of income and food security. Plant biotech-
nology has, without doubt, the potential to play a key role in
the sustainable production of this staple food on the conti-
nent. Fortunately, this has been realised by several African
governments and international donors that provide financial
support for research on banana and plantain.
Musa improvement to obtain better banana and plantain
cultivars for Africa requires a holistic approach. Plant
improvement should be seen as providing an affordable
option to small-scale farmers for plant protection and for
achieving better yields and acceptable fruit quality. On the
other hand, plant improvement should not be considered as
the only and ultimate solution to overcome constraints in the
production of banana and plantain in Africa, but it should be
viewed as an important component of a larger, integrated
disease and pest management strategy. Any improvement
programme might clearly benefit from plant biotechnology.
Benefits will be gained from advanced plant tissue culture
approaches, such as preservation of breeding lines using
cryo-preservation of somatic embryos (Nguyen et al. 1999,
Surga et al. 1999, Engelmann and Dussert 2000), PCR-
based plant diagnostics and molecular markers for useful
traits and also genetically enhanced plants with realistic,
well-defined targets, such as disease and pest resistance,
and improved nutritional value.
Molecular marker systems have numerous applications to
Musa improvement. These include measuring heritability of
specific traits via indirect genotypic selection, construction of
detailed genetic linkage maps, map-based gene cloning and
support in the search for a suitable resistant genotype on the
laboratory scale. Such systems would allow for accurate
identification of clones and the monitoring of somaclonal
variation in micro-propagated material for commercial use
(Vuylsteke et al. 1998).
Developing high yielding, disease resistant plants through
the application of genetic modification (GM) is important con-
sidering the difficulties encountered with classical breeding in
banana, especially concerning sterility of the crop. Compared
to many other important food crops, there is a relative lack of
knowledge on Musa genetics and cytogenetics. In Musa, as
in most other crops, improvement through breeding methods
requires cross-breeding of elites followed by the selection in
their progeny of the best individuals. Since a very wide range
of varieties of bananas and plantains are grown worldwide,
each adapted to a specific ecoregion and selected for specif-
ic eating or cooking qualities, a similarly wide range of
improved varieties is required. Biotechnology involve differ-
ent tools whose application in Musa genetic improvement
can accelerate and facilitate the development and selection
of the most suitable materials. Requirements can be very dif-
ferent from one region to another due to different biotic and
abiotic constraints linked to their production. Genetic engi-
neering allows the transformation of single genes or gene
combinations from the genome of the source organism
directly into the desired variety.
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While GM of plants sounds very promising in the develop-
ment of improved bananas, there are several factors to take
into consideration before the technology can be implement-
ed. An accumulating body of evidence suggests that over-
expression of single selected native plant genes might be
too simplistic and ultimately ineffective in engineering either
biotic or abiotic stress tolerance (Foyer et al. 2003). An
approach to design anti-fungal peptides (Schaaper et al.
2001) or optimise activity of a resistance protein-by-protein
engineering (Kiggundu et al. 2003), or a balanced interac-
tion involving the simultaneous increase in several protec-
tive enzymes using gene pyramiding might ultimately be
required to obtain substantial and more reliable increases in
resistant plants. Future research in genetically modified
banana also has to prove whether either tissue specific pro-
moters, or other less strongly expressed promoters, are
needed if closely related transgenes are to be pyramided in
banana (Hermann et al. 2001).
There are certain barriers that restrict Africa from taking
advantage of the benefits offered by plant biotechnology.
Affordability will be a major limitation for the introduction of
costly biotechnology-derived products. Small-scale banana
producers can hardly afford chemicals to control diseases
and pests, and would find it difficult to pay for any newly
developed technologies available to them. Other key ques-
tions that concern all GM crops are commercialisation and
consumer acceptance. While any banana plant expressing
enhanced biotic or abiotic tolerance/resistance, or with
improved nutritional characteristics, would be of great value
to the commercial grower and small-scale farmers, they
might not necessarily be acceptable to the consumer. The
commercial success of GM bananas depends on factors
such as consistently yielding a higher expression of desired
traits, higher crop yields, and improved quality traits in a
range of natural stressful environments than non-GM
banana. In this respect, however, no data are available for
banana as yet. Two other consumer concerns are the effect
of a GM crop on biodiversity and its safety for human con-
sumption. The amount of ‘gene escape’ in banana is limited
because of the parthenocarpic nature of the plant. Also, no
studies have been done as yet on the effect of genetic trans-
formation on fruit chemical composition.
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